Biological phantoms are very useful for controlled experiments on biomedical ultrasound. Nevertheless they are normally made of materials with short time-duration (organic materials). We have been studying the ultrasonic properties of test-blocks made of polyvinyl chloride-plastisol (PVCP) that are very stable in time. In this work we analyzed ultrasonic (US) attenuation and speed at 1MHz, as a function of temperature (20 to 40°C) of four phantoms made with PVCP and different concentrations of graphite powder and made with different cooking temperature, using the classical US transmission method. US speed diminished almost linearly as temperature increased. In general attenuation lied between 0.73 and 0.09 dB/cm, but presenting a more complex behavior. For graphite concentrations of 1%, attenuation was lower than for 0% and for the other two phantoms (2 and 5% concentrations) attenuation was higher. This behavior can be perhaps due to the fact that the fabrication temperature for 1% was 140°C and for the other was 170°C. Although the standard recipe is 170°C, we observed that phantoms made of smaller cooking temperatures may add in adjusting the attenuation values and it is a very useful property to mimic different biological tissues. We are now working on multilayer phantoms of PVCP.
Introduction
The study of ultrasound interaction with biologic tissues in diagnostic application can be accomplished with testblocks that mimic some acoustic properties of human tissues. These test-blocks are called phantom and, nn general, can be classified according their applications: 1) Those that try to mimicking acoustic properties of tissues like longitudinal velocity ( P v ), attenuation coefficient ( D D ), etc; 2) Those used to evaluate fundamental factors of acoustic images like penetration, detail and contrast resolution, side-and grating lobes, elevation plane focusing, axial resolution, etc.; 3) Those with inclusions simulating cysts.
Phantoms are usually made of material with acoustic properties close to biologic tissues, for example, Agar, polyvinyl alcohol gel and polyacrylamide gel. Some properties are adjusted by mixing graphite or PVC powder. Other substances are used to simulate cysts or some biologic structures, to produces echogenic or anechoic elements in ultrasound images [1] [2] [3] . However, these kinds of phantoms are susceptible to dehydration and biological attacks and their physical and chemical properties are not stable along time.
On the other side, a material which remains stable for a long period is Plastisol (or PVCP) which is a suspension of PVC (Polyvinyl chloride) that when heated to around 170ºC dissolves and becomes a translucent and viscous liquid and when cooled down to room temperature it becomes solid. The PVCP was used to produce tissue mimicking materials (TMM) [4] but only optical and acoustic properties have been analyzed at room temperature [4, 5] , and these properties changes have not been reported considering a thermal range. Additionally, those properties can be changed when some substances are added into the PVCP solution. In our particular case, different concentrations of graphite powder were used. In this work, the procedure for constructing phantoms based on PVCP and their acoustic properties were analyzed at 20-40ºC temperature range.
Materials and Methods

Phantoms
To prepare a phantom, liquid PVCP (from the M-F Manufacturing Co., Fort Worth, TX, USA), pure or mixed with graphite powder, was placed in a chamber linked to a vacuum pump to eliminate air bubbles. After that, the liquid was dropped into a mold and heated in an oven (Stuart Scientific) with controlled time and temperature according to Table 1 . Upon cooling down to room temperature, the PVCP solution solidifies and can easily be removed from a mold. In an attempt to investigate differences between acquisition times of the product, two types PVCP were analyzed: Type 1 -oldest, acquired in 2011 and type 2 -newer, acquired in 2012. Manufacturer does not describe composition or technical proceeding of the Regular Liquid Plastic PVCP manufacture used in this research. Longitudinal velocity ( P v ) and attenuation coefficient ( D D ) were analyzed at 20-40ºC as a function of graphite concentration (PH1 -PH4) and cooking temperature (PH5 -PH9). 
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Acoustic Technique
The waveform transmitted through phantom are subjected to propagation effects like attenuation with frequency, dispersion of the phase velocity, diffraction, edge effects, etc.. The parameters of the used transducers and the distance between them were selected to minimize the possible effects of them [6] [7] [8] .
To investigate the acoustic properties (longitudinal velocity and attenuation coefficient) it was used the transmission/reception technique [6, 7] shows in Figure 1 . This technique uses two similar 1-MHz transducers (Harsonic 13-0108-S, diameter 12.7mm) immersed in a thermal bath (WiseCircu WCB-22) with distilled water (reference medium) and properly aligned. A US-Key Single Channel Ultrasound Device (Lecoeur electronique, France) was used to generate and detect RF signal. One transducer was used to emit the signal (UT E ) and other to receive (UT R Two measurements were performed: one only through a water path and another one through the phantom inserted between both transducers. The distance between transducers was d = 30mm ( Figure. 1 ). The phantom was carefully aligned parallel to the surface of the transducers by maximizing the amplitude of the transmitted pulse. This method directly measures changes in phase velocity. Ten measurements were carried out and averaged for each temperature.
), both connected to the US-Key. Signals have been saved using USB interface with a program developed in Matlab® and further processed. Measurements in the thermal bath were made at around each 0.2°C of temperature increase. The temperature was measured by a T-type thermocouple, using high a speed multiplexer NI 9213 (National Instruments; Austin, Texas, EUA) ( Figure 1) . The RF signals were acquired between 20 and 40ºC with the phantom between the transducers, then, the procedure was repeated without the phantom to collect the reference signal at the same temperature range. All phantoms have 2.25 cm thickness and parallelism between the faces. FIGURE 1. Experimental System Diagram to measure acoustic properties during heating with the transmission technique. Measurements are made without sample and with the sample between ultrasonic transducers (UT E and UT R ) immersed in a thermal-controlled bath. T P -thermocouple in phantom, MUX-temperature multiplexer, US-KEY-ultrasonic wave generator / receiver, PC-computer.
Because of the difference of acoustic impedances between water and phantom, the energy transmitted to the receiver transducer is lower and follows the transmission coefficient (T 1 ) given by:
where A o is the amplitude of the signal transmitted only through water (without phantom), A 1 is the amplitude of the signal transmitted through phantom placed between transducers, Z S and Z w is the acoustic impedance of the phantom and water respectively. As an example, for the case of PH5 at 24°C, T 1 =0.91. It is assumed that the transmission coefficient is independent of the frequency and the ultrasonic attenuation of water is negligible. 
Equation (4) was used to estimate the attenuation coefficient હ (dB/cm).
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where, B 0 is the peak of the amplitude spectrum (obtained through a Fast Fourier Transform-FFT) of the reference signal and B is the peak amplitude spectrum of phantom signal at the same frequency of the reference signal, at 1 MHz.
Results and Discussions
The phantoms were divided in two groups, according to graphite concentration (PH1-PH4) and cooking temperature (PH5-PH9). It was possible to notice that ultrasonic velocity and attenuation coefficient change as a function of temperature. As can be seen in Figure 2 and Figure 3 , longitudinal velocity decreases linearly with increasing temperature. The fitting parameters are shown in Tables 2 and 3 . No significant changes could be seen in longitudinal velocity for different graphite concentrations. High concentrations could not be tested because the graphite powder tends to sediment. Analyzing data from longitudinal velocity as a function of temperature for phantoms with different cooking times, it can be observed the highest speed for 180ºC ( Figure 3 and Table 3 ). Although PH1 and PH5 have been manufactured by the same cooking temperature, they showed different longitudinal velocity (PH1 = 1462.9±2.2 m/s and PH2 = 1546.3±6.8 m/s). This difference may be due to the difference between the acquisitions date of PVCP employee. It is possible to observe a soft tendency in the cooking temperature group: phantom PH6 has the higher attenuation value; PH7 has medium values and PH8 to PH10 presented the smaller attenuation values. This may indicate that after a certain cooking temperature, attenuation tends to increase (Figure. The data presented in FIG. 5 suggest that, at least in the temperature range between 20-40°C, the phantoms analyzed (PH5-PH8) behave in a similar way and the attenuation coefficient curves are close enough to be represented by a single function, differently from PH9 whose attenuation coefficient curve . This phantom was made at 180ºC, higher temperature than that recommended by the manufacturer, so it is possible that the plasticizer reacted or suffered degradation. Therefore, within the range of temperatures normally encountered in experimental research with tissues, the attenuation coefficient (D) is generally a decreasing function of temperature (T) and the slope (dD / dT) is in turn a decreasing function of frequency.
Conclusion
In this work, ultrasonic velocity, attenuation coefficients were estimated in phantoms based on PVCP with different graphite concentration and furnace temperature. It could be observed a linear dependence of velocity with temperature variation in the range 20 to 40 ºC. The attenuation coefficients are in the biological soft tissue range values. The acoustic parameters presented important changes with phantom cooking temperature which suggests better investigation. Further investigations are necessary to explore this dependency as it is important to have phantoms to mimic different biological tissue types.
